Mascot spring cylinder linear actuator is a powerful, high-performance pneumatic actuator, which provides positive throttling or on-off operation to pneumatic control valves. Uniquely designed positioner with multiple sized cylinders supply pressures up to 150 psi, making very high thrusts available in a relatively compact unit.
Features and Advantages

Salient features Advantages
Higher thrust • Operating pressure of 150 psi (10.3 Bar) permitting substantially higher thrust capabilities than diaphragm actuators.
• Tighter valve shutoff due to higher thrust.
High frequency • Responds quickly to signal changes because of double acting configuration.
Lightweight and • Substantially lighter and more compact than comparable linear diaphragm actuators. Compact
• Offers ease of maintenance.
Wild choice • Usual actuator sizes 25, 50 and 100 and a few more that can handle thrust requirements for over 95 percent of valve sizes. • For special applications, larger sizes up through size 600 are available.
Least number of parts • 33% less parts than diaphragm actuators Cost of wear parts is 10% then for diaphragms, actuators allowing low inventory and maintenance.
Excellent positioning • Powerful pneumatic stiffness allows a high pressure drop without plug slamming is accuracy possible due to air volume between the piston and the bottom of the cylinder.
•
For stiff and precise actuator operation, supply pressure is sent to both sides of the piston.
Field reversible • Easily reversible failure mode without additional parts leading to reduced inventory costs.
No need of pressure • Easy handling of air supplies up to 150 psi (10.3 bar) without a pressure regulator and regulators can be operated with as little as 30 psi (2.1 Bar).* Spring is fail-safe • Fail-safe operation is provided by internal spring in the event of air system failure. • Universal spring bench set is not needed.
Stiff operation • Supply pressure is sent to both sides of piston for stiff actuator operation.
Sturdy components • Minimal maintenance is needed as there is no diaphragm, therefore no rupture.
Easy maintenance • The spring cylinder actuator only needs the removal of two parts to access the internal parts.
Low consumption of air • As compared to diaphragm actuators, cylinder design uses less supply of air.
Strokes are longer • In comparison to a ¾ inch (19mm) stroke on a comparable linear diaphragm actuator Size 25 spring cylinder linear actuator has a 11/2 -inch (38mm) stroke. Stroke lengths available up to 24 inches.
High-level positional • Small air volume between the piston and the bottom of the cylinder provides stiffness powerful pneumatic stiffness -allowing high pressure, flow over the plug operation without plug slamming.
Following are the Salient features and advantages of the Mascot spring cylinder linear actuator:
* Limited operating pressure on some sizes because of valve sizes.
Linear Actuator
Actuator rigidity
Figure 3: Cylinder Actuator with High Stiffness/Spring Rate
The inherent property of this design is that as the volume under the piston becomes smaller, the stiffness factor becomes larger in a Mascot cylinder actuator. The equivalent diaphragm actuator (46 square-inches) on the same valve with a 3-15 psi (0-1 Bar) signal has a spring rate of only 920 lbs. per inch (161 kN/m) at mid-stroke. The spring rate for a diaphragm actuator remains the same, regardless of diaphragm position. When a valve with a diaphragm actuator is operated close to the seat with flow over the plug, sudden changes in the dynamic force can cause the valve to slam shut. Because of this low-stiffness factor, diaphragm operated valves are installed with the flow under the plug.
As the valve plug approaches the seat, the stiffness of the Mascot spring cylinder actuator actually increases. The chances of the plug slamming into the seat are reduced. e.g. A well designed actuator, with 100 Psi (6.9 bar) supply air pressure and the plug 1 /8" (3 mm) away from a seat, the piston is 3 /16" (5 mm) from the bottom of the cylinder. At this point, the actuator generates a stiffness of 18,667 lbs. per inch (3269 kN/m). See figure 3.
Thus, a spring cylinder actuated control valve may be operated with the flow either over the plug or under the plug, and still maintain the precise, throttling control required by today's processes. This advantage allows the flow to assist the actuator spring in obtaining the required failure position and increases the ability of the valve for a tight shut off.
Control valve operates with normally fluctuating flow. As this might vary a force. It becomes necessary for the control valve to remain in the same position as signaled by the controller. To achieve required position, the valve depends on actuator stiffness. Actuator stiffness is defined as an ability of an actuator to withstand dynamic fluid forces acting on the valve trim. For stiff and precise actuator operation, air pressure is supplied to both sides of the piston, making the stiffness of the Mascot spring cylinder greater than a valve with an actuator having diaphragm.
The stiffness, spring rate is equal to :
Where: K = spring rate k = ratio of specific heat P = supply pressure A 2 = piston area (in 2) v = cylinder volume under piston A 25 square-inch cylinder actuator at mid stroke (typical for a 2" valve) with a supply air pressure of 100 psi (6.9 Bar) and a ¾" (19mm) stroke will give the spring rate of 9333 lbs. per inch at mid-stroke. See figure 2. K = Linear Actuator 
Actuator performance
Thrust Producing Capability
As compared to the diaphragm actuators, Mascot linear spring cylinder actuators produce substantially higher thrust. The cylinder operates with supply pressures up to 150 psi (10.3 Bar). Throttling diaphragm actuators are limited to 40-60 psi (2.8-4.1Bar), thereby reducing their thrust producing capability. Higher actuator air supply, coupled with high-pressure air on both sides of the actuator piston, provide exceptional stiffness for precise throttling control. Mascot cylinder actuator stiffness is sufficient to control high p r e s s u r e drops and allows the plug to throttle near the seat.
Sensitivity and Speed
Fast stroking speeds are produced because of higher air volume handling capabilities of the positioner, coupled with relatively low cylinder volumes. When approaching the final plug position, high operating speed is achieved with virtually no overshoot. Static sensitivity of the unit is excellent. e.g. As little as 0.008 psi (0.0006 Bar) is required to move the stem 0.0005 inches (0.0127 mm) (the minimum detectable movement in the tests conducted) on a size 25 actuator. To reverse the stem motion, signal change of only 0.01 psi (0.007 Bar) is needed. Presented in the table 1 are typical stroking times. Increased stroking speeds are available with Mascot flow booster valves.
Frequency Response
Extremely high frequency response is available with Mascot cylinder actuator than comparable diaphragm actuator units. Such response is achieved through a double-acting configuration that uses pressure on both sides of the piston.
Hysteresis and Linearity
Ability to respond linearly to signal changes from the controller and to provide uniform response unaffected by decreasing or increasing pressures is an important characteristic of any actuator. Tests prove the linearity of the cylinder actuator to be within ±1.0%. The same tests showed that the difference in valve position for a given instrument signal, regardless of the required direction of change in the pistons position, was extremely small (refer to Table VII Positioner Performance on page 11).
Size 25 Actuator, 9 psi ± 2 psi 
Linear Actuator
Construction
Reversible Air Action
Providing either air-to-open (air-to-retract) or air-to-close (air-to-extend) action with easy reversal in the field is a function of standard cylinder actuators. The spring is installed on the upper side of the piston For air-to-close action, the spacer and spring are installed on the underside of the piston with the spring button stored on top of the piston.
Sizes
Three standard sizes: 25, 50 and 100 square-inches (nominal piston area) and five oversized actuator sizes: 200, 300, 400, 500 and 600 square-inch are available with Spring cylinder linear actuators. A tandem of double piston configuration is possible with 400 and 600 sizes.
Materials of construction
Corrosion resistant anodized aluminum is used in the cylinder and piston. The tough ductile iron yoke withstands the impact. Exposed actuator stem is made up of stainless steel, guided by oilite bronze bushings. The yoke, cylinder, clamps and other exposed parts can be supplied in stainless steel. Clamps, bolts, nuts and yokes made in stainless steel are available from regular stock. A solid square retaining ring attaches the cylinder to the yoke. Removal is easy with the aid of two screw drivers. (Please refer the Mascot Installation, Operation and Maintenance Instructions for correct disassembly procedures). A static O -r i n g s e a l is located at the cylinder bore and also at the actuator.
Size 25 and 50 actuators are furnished with a lifting ring that is screwed into the adjusting screw to facilitate handling of the actuator assembly. Size 100 and larger actuators will accept a standard eyebolt.
A split steel clamp locks the actuator stem to the plug stem. A split actuator stem permits this clamping action. Both stems have standard wrench flats to simplify adjustment of plug stem/actuator stem length. Feedback linkage attached to the stem clamp is for transmitting the position of the actuator to the positioner. In conjunction with the stroke plate, a pointer is used fixed to one web of the yoke to indicate the actuator stroke. The clamp and stem are prevented from rotating by the other web. The unique four-way, double acting design in the Mascot cylinder actuators does not require springs for positioning. The spring serves only as a fail-safe device. It should be noted that although valve flow direction usually assists the actuator on loss of air, normally the spring is designed to achieve the fail position independently. Proper sizing of the cylinder spring requires an understanding of the specific spring force listed in the table above.
Dual Spring Actuator Construction
For heavy duty service in the air-o-retract (air-to-open) configuration, Dual springs are available. Only five additional parts: a new actuator stem, a spring button, the inner spring, outer spring and a spring guide are needed for retrofitting a standard cylinder actuator to dual springs. On the other hand, valve equipped with dual spring actuators are not field reversible and require a minimum of 60 psi (4.1 Bar) supply 
Features
• P/P or I/P Signal Convertible -Easy accomplishment of field conversion from one control signal to another by replacing one module with another
• Corrosion Resistant -Epoxy powder painted on cover and base assembly and continuously purged from the inside with instrument air making corrosion resistant internal section. Internal working parts are constructed from 300 series stainless steel, anodized aluminum or Buna-N.
• Shock and Vibration Resistant -the make and design of valve positioners is such that they have high natural frequency coupled with pneumatic damping. It is unaffected by vibration, acceleration up to 2 G's, and frequencies to 500 Hz.
• For Single or Double-acting Actuators -The valve positioner is versatile usable with either single or double acting actuators.
• Standard Mounting -Valve positioners use the standard mounting. By changing the cams and follower arms, the same positioner can be used on both linear and rotary actuators. This results in fewer required spare parts.
• Easily Field Reversed -A reversal of action in the field is achieved by simply turning the cam over, reversing the anti-backlash spring and changing the output tubing.
• Insensitive to Mounting Position -Positioners can be mounted in any orientation.
• Simple Calibration -Easy calibration as there is minimal interaction between zero and span. For protection and to discourage tampering, positioner adjustments are totally enclosed.
• Split-Range Service -Standard signal ranges are 4 -20 mA for the electro-pneumatic (I/P) module and 3-15 psi (0-1 Bar) for the pneumatic (P/P) model. Optional ranges are 10-50 mA and 6-30 psi (0.4-2.1 Bar), respectively. All models can be calibrated for a 2 or 3-way split range.
• Simplified Maintenance -Ease in maintenance because of positioners simplicity, modular design and a few parts.
• Regulator not needed -Designed to withstand 150 psi (10.3 bar) at all parts, the valve positioners are insensitive to supply pressure fluctuations.
• Low Air Consumption -Steady state air consumption is .25 SCFM @ 60 psi (4.1 Bar) supply.
• Changeable Flow Characteristics -Easily changed cam provides characterized flow feedback.
• High Air Flow Gain Model -Standard on 200 square inch actuators and above, optional on others.
• Output Gauge Helps Monitor Unit: -Permits easy verification of transducer and positioner calibration as it indicates transducer output to the positioner. Valve Positioner Operation Figure 13 shows a valve positioner . The valve positioner is a force-balanced instrument, with pneumatic module installed on a double-acting actuator for air to open action. Positioning is based on a balance of two forces; one proportional to the instrument signal and the other proportional to the stem position.
A downward force is activated as the signal pressure acts upon the diaphragms in the instrument signal capsule, through the follower arm and cam, the motion of the actuator stem is transmitted to the top end of the feedback spring resulting in the varying of tension in feedback spring as stem position changes.
The system will be in equilibrium and stem will be in the position called for by the instrument signal when these opposing forces balance exactly. The balance will move up or down and by means of the spool valve, will change the output pressures and flow rate if these opposing forces are not in balance. This will lead to the piston to moving until the tension on the feedback spring opposes exactly the instrument signal pressure.
The detailed sequence of positioner operations are as follows: An increase in the instrument signal forces the instrument signal capsule and balance beam downward. This motion of the balance beam also pulls the pilot valve spool downward from its equilibrium position. This opens the pilot valve ports, supplying air to port 1 and exhausting air from port 2. This causes the actuator piston upward.
Proportionally to the valve position, to counter the force generated by the instrument signal capsule, the piston continues to stroke upwards until force in the feedback spring increases sufficiently. At this point the balance beam and spool begin to return to equilibrium position. As the valve spool ports start to close, the air flow rate to the actuator is decreased.
The feedback spring tension force will equal the force generated in the instrument signal capsule after the piston has reached the required position. The balance beam and instrument signal capsule will remain in their equilibrium positions with no air flowing to the actuator until a change in the instrument signal is made.
A proportional downward movement of the actuator piston and stem is affected by a decrease in the instrument signal which reverses the described actions. 
Side-mounted continuously connected handwheels
Mascot's side-mounted handwheel is a continuously connected, declutchable design which permits manual operation of linear actuators. This is standard for valves upto and including 4" strokes. It is especially convenient during start-up, in emergencies, or due to air failure. Its efficient design utilizes heavy-duty, anti-friction bearings that allow high thrust with low torque on the handwheel. The side-mounted handwheel provides the mechanical advantage needed for manual operation. Therefore, the handwheel provides an effective means to overcome the fluid forces or friction within the valve during manual operation.
Other advantages characterize side-mounted design:
1. The pneumatic spring cylinder can be disassembled while the handwheel holds the valve in position on fail-open valves. On fail-closed valves, the valve must be closed.
2. Convenient access allows operator to turn the handwheel easily in a more natural position.
3. Easy adaptation to a chain-driven mechanism is possible.
Due to the continuously-connected design, the handwheel can act as a high or low-limit stop. By effectively isolating the actuator stem from the actuator, the continuously-connected handwheel permits positioner and actuator maintenance without interruption of service.
The side-mounted handwheel features a highly visible, neutral-position indicator and comes standard with a locking bar.
A three-way bypass valve is installed in the positioner supply line to shut off the air supply or neutralize the pressure across the piston when operating the valve manually. (1) 100 psi (6.89 Bar) maximum supply pressure when 50-inch HW Operator is used on a 100-inch actuator . Example: if you apply 50 lb (222 N) rim pull on the 12-inch (305-mm) handwheel of a 50-inch HW operator, then the operator output will be: 50 lb (222 N) rim pull x 63 = 3150 lb (14011 N) output thrust.
Cylinder can be disassembled
Top-mounted Handwheels
Two types are available: Continuously connected and push-only. Top-mounted handwheels can be mounted on size 100 and large actuators.
Turning the handwheel clockwise drives the handwheel stem down to extend the actuator stem. This handwheel can be used to limit upward travel.
Simple actuator stops are available to limit either opening or closing of the valve. Handwheels are not provided, and locknuts are included to maintain precise setting of the selected limit stop position.
Being highly versatile, they can be used to retract or extend the stem and act as either a high or low-limit stop. A Simplicity of the design makes easy placing of wheel in the neutral position for automatic operation.
A precision-made bevel gear sealed in a weather proof housing is used in the handwheels to maximize performance. High-thrust output can be achieved with low torque input on the hand wheel. For specific applications, consult the factory. In operation, the handwheel consult the factory on capacities for specific applications.
In operation, the handwheel is turned counterclockwise to move the handwheel screw against the stem locknut, retracting the stem. Moving the handwheel clockwise turns the handwheel screw down against the shoulder on the stem, forcing the stem to extend. Returning the handwheel screw to the neutral position (top of the screw even with a neutral line as seen through the transparent cap liner) permits operation of the actuator without interference from the handwheel. Adjusting the handwheel screw to a position other than neutral provides a limit stop to limit travel in either direction. 
Sizes
Mascot cylinder-operated lever actuators can be used to automatically position dampers, louvers, variable pitch fans, and to make other mechanical adjustments to process machinery. Lever actuator designs are available for various sizes of 25, 50 and 100 cylinders Whenever a very high degree of performance in manual operation is required, manual handwheels are available. Handwheels are of rising stem design and are sized for easy operation. The handwheel yoke is designed to be interchangeable with cylinder or diaphragm actuators. To provide fast stroking action with large input signal changes, flow boosters are used on throttling, control valves. At the same time the flow boosters allow normal positioner air flow (and normal actuation) with small changes in the positioner input signal. Boosters can decrease valve stroking times by as much as 90 percent depending on actuator size, packing set and the number used.
Three-way solenoids are used to interrupt an instrument signal to a pneumatic positioner or to operate a spring diaphragm valve.
Four-way solenoids are used on spring cylinder actuators for on-off operation only, insuring fast, positive, two-directional action. Available in a wide variety of operation voltages for both AC and DC, solenoids are standard equipment with a class F coil for continuous duty at temperatures up to 155 degree F(68 degree C). For higher temperature service, optional class H coils are available.
We recommend air filters to the upstream of the positioner which can handle 150 psi (10.3 bar) supply air pressure and features high flow capacity. Easy access to the large drip well permits inspection and replacement of the filter cartridge, while the integral drain valve allows removal of trapped oil, moisture and other foreign material. Regulators are usually not required with Mascot actuators and positioners. Linear Actuator
Cylinder Systems
Occasionally, few applications call for greater actuator spring forces which standard or dual springs can provide. The air spring is designed to solve many problems where building special, extra-strong failure springs may be mechanically difficult and economically not feasible.
Air springs, which provide a locked-up volume of air to drive the actuator in the failure direction, are used primarily to close valves upon air failure. A fail-closed Mascot valve is customarily operated with the flow directed over the plug. Thus, with the plug on the seat, the upstream pressure acts to hold the valve closed. Air springs on Mascot valves work only during the instant of air failure to drive the valve to the closed position. Process line pressure will insure the valve stays closed.
Air Spring Using Cylinder Volume
Utilizing the stored volume within the cylinder for failure protection, an air spring is a common fail-safe system. In this case, the valve positioner is operated as a 3-way valve positioner to supply air only to the underside of the piston. A 3-way switching valve senses air supply pressure. When pressure drops to a predetermined value, the switching valve locks the air on the upper side of the piston to drive the valve closed. With full air supply pressure to the 3-way switching valve, an airset regulates the proper amount of air pressure to the upper side of the cylinder.
Air Spring with External Volume Tank
If the volume on the top of the cylinder is insufficient to cause the valve to fully stroke upon air failure, an external volume tank is used to supply the additional volume required. This system requires a small lock-up valve in the air supply to each side of the cylinder. The lock-up valve serving the bottom of the piston operates to exhaust that side upon failure. The lock-up valve on the top side of the cylinder admits volume tank air to the cylinder upon air failure. The volume tank can be sized as required.
Fail-in-place Lock-up System
The purpose of this system is to hold the actuator in the last operating position upon air failure. A 3-way switching valve is used to sense air supply. Upon failure of the air supply, this valve operates to exhaust the signal connections to two lock-up valves. These lockup valves, in turn, hold the existing pressure on both sides of the piston, thus locking it in place. Linear Actuator
